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INTRODUCTION
The "Lower Productus Limestone" in the Salt and Khisor Ranges, West Pakistan, yields an abundant and well-preserved fauna of fusulinid Foraminifera. The fusulinids are all found in the Amb Formation of the Zaluch Group of Early Permian age as described by Teichert (1966) . About 50 samples of the fusulinids, collected by R. E. Grant, U.S. Geological Survey, in 1964-65, and Curt Teichert, Univ. Kansas, in 1966, contain the genus Monodiexodina, and one sample also contains the genus Codonofmiella.
Donald A. Myers of the U.S. Geological Survey was kind enough to send me many thin sections from Teicherfc's collections for use in this study. The samples collected by Grant were prepared by Richard Margerum of the U.S. Geological Survey. These collections were made as part of the cooperative U.S. Geological SurveyPakistan Geological Survey minerals investigations program sponsored jointly by the Agency for International Development, U.S. Department of State, and the Government of Pakistan. Two samples from the Salt Range, West Pakistan, were provided for comparison by John W. Skinner, of Humble Oil and Refining Company. The localities for the samples studied are shown in figure 1 and are listed at the end of this report.
The fusulinids all seem to occur in a calcareous sandstone, some of which is micaceous. There is some variation in the coarseness of the sand, but none of the detrital grains approaches the size of the fusulinids. The fusulinids show some abrasion and fracturing and ar?, somewhat size sorted, although immature forms and smaller fragments are found with adult specimens.
The presence of Codonofmiella associated with Monodicxodma, is somewhat surprising, as Godonofusiella is commonly found in rocks assigned a Late Permian age with Polydiexodina or Yabelna.. The rather primitive form described here extends the known range of the genus into the Early Permian.
Fusulinids were described from the "Productus Limestone" by Schwager (1887, p. 985-990) . He assigned specimens to three named species and to one indeterminate species and suggested the possible existence of other subspecies. The species he described are from Katta (or Kattha), from Pail, and from a place he identified only as the Verala scarp, and he reported that specimens from Chidroo (or Chhidru) are similar to those from Kattha.
Dimbar (1933, p. 408-412) described specimens from near Warcha (or Warchha) and compared them with Schwager's descriptions and illustrations. He showed the striking similarity of his specimens to Fusulina katta^nsi-s Schwager and to the illustrated specimens of F. pailensis Schwager. The abundant samples collected by Teichert and Grant present an opportunity to study the range of variability in the morphology of these fusulinids. For this purpose, over 700 thin sections were prepared and the customary measurements made. A preliminary report was presented by Douglass (1968) .
Each sample of the fusulinids is relatively homogeneous in morphologic characters, and measured attriGi butes have a fairly normal distribution of values over a rather limited range. However, rather large differences in the dimensions of some attributes at specified volutions were found between many of the samples, and there was little or no overlap of measurement ranges. Using conventional methods for comparison, based on a few specimens or even on reasonably large samples, statistically significant differences between samples could be demonstrated at certain volutions. Two extremes will be compared, sample f23800 from Kattha and sample f23793 from Kafirkot. The specimens from Kattha (pi. 2) have a mean prolocular diameter of about 160 microns, a tightly coiled juvenarium followed by more loosely coiled outer volutions, low intense septal fluting, and a little axial filling. They attain a maximum length of about 11 mm.
The specimens from Kafirkot (pi. 3) have a mean prolocular diameter of about 600 microns, regular and fairly open coiling, low intense septal fluting, and very little axial filling. They attain a maximum length of about 18 mm. Figure 2 shows the summary data for measurements made on specimens from these two samples plotted by volution. There is some overlap in the ranges of these attributes, but the means are well separated except in the form ratios. One should have no problem in distinguishing these samples on the basis of prolocular diameter, wall thickness, volution height, septal count, or tunnel angle. Two "obviously" different and statistically separable "species" are represented. I place the quotes around the words "obviously1" and "species" because I do not consider either one valid. The "obviously" is based on what we see in the illustration? Comparing plates 2 and 3, both showing the samples at similar magnifications, the differences in size are striking, and we have no trouble distinguishing the forms. It is, perhaps, more difficult to see the similarities because the size difference is dominant.
If we plot a growth curve of mean values for the radius vector at each volution against the volution, we find that the curves generated for both samples can be superimposed ( fig. 3^1 ). This relation suggests that the growth pattern for both samples is similar and that the differences noted above may be a function of size. Because the initial size (prolocular diameter) averages about 160 microns in sample f23800 and about 600 microns in sample f23793, dimensions in the early volutions for specimens of sample f23800 will be smaller than for the early volutions for specimens of sample f23793. Dunbar and Skinner (1937, p . 541-543) discussed this problem and suggested that comparisons should not be made at the same numbered volutions but K. should be made at volutions of comparable size. This idea was further elaborated by Cutbill and Forbes (1967, p. 325-326) , who demonstrated graphical methods for compensating for differences in prolocular size. By plotting the radius vector directly against the half length, a growth curve can be generated for each specimen. The mean values for the two samples plot on essentially the same line ( fig. 35 ). When the volution height or the wall thickness are plotted against the radius vector, the curves generated for the mean values of the two samples again essentially superimpose (figs. 3(7. D). It is, therefore, apparent that those two samples are similar in the measured attributes when they are compared at the same diameter (or radius) though they differ in size at their equivalent volutions.
These two samples were chosen for detailed study because they seem to represent opposite extremes of the observed variation among all the samples studied. Knowing that these two extremes are similar, one might expect the samples that are apparently intermediate also to be similar in the same attributes. The attributes for 15 additional samples were measured and plotted as individual samples, and then all measurements of each attribute were combined and the mean curves for all the data were plotted. Not surprisingly, the mean curves for the combined samples plot essentially on the same lines as the plots for either of the extreme samples. Thus, samples cannot be distinguished meaningfully on the basis of the data from these measurements.
Each sample differs somewhat from eve^y other sample, just as each specimen differs from every other specimen within the same sample. Nevertheless, attempts were made to find sets of samples that have complete overlap in all attributes, but it was found that the sets included different groups of samples for each attributesimilarity cluster.
The entire range of variation can be likened to a spherical mass with radiating rays extending out from the sphere, each ray representing extremes of variation in a particular attribute. For example, sample f2379S is different from all the others in wall thickness, f23790 in form ratio, f23793 and f23800 in vokition height, f23794 in septal count, f23793 in axial filing. An attempt was made to relate the variability to stratigraphic position within the Amb Formation and to geographic location, but no correlation of morphology with the limited stratigraphy or with the geography was found.
The assumption is made that the variation in prolocular diameter is related to the life cycle of the fusulinids. Le Calvez (1953, p. 182-200) and others have shown that several megalospheric generations can develop between microspheric generations in the Foraminifera. The prolocular diameter of each succeeding megalospheric generation can be of a different size range so that a single species can be represented by a series of sexual and asexual generations that have widely divergent prolocular diameters. Therefore, on the basis of this assumption and the measurement data presented herein, these samples are assigned to one species, Monodiexod'ma kattaensis (Schwager) .
The results of this study suggest that the descriptions and comparisons made in previous fusulinid studies should be reexamined. Undoubtedly many of the differences noted between samples or specimens are real, but it is also likely that many similarities have been masked by the methods of measurement-data presentation and by the optical illusion inherent in prolocular size differences. The measurement data obtained by conventional methods can be used for making comparisons at equal radii; so all previous studies that have presented enough measurement data can be reevaluated without great difficulty. Where only verbal descriptions, descriptions with minimal measurements, or summaries of measurements are given, more data will have to 'be assembled before meaningful comparisons can be made. Diagnosis. Shell minute, first volutions at large angle to later volutions, last few chambers forming an uncoiled flared flange, septa weakly to irregularly fluted, single tunnel bordered by discontinuous chomata.
SYSTEMATIC DESCRIPTIONS
Description. This minute species is small even for the genus, which is represented by unusually small forms for the fusulinids. The specimens coil irregularly, changing their axis of coiling about 90° after one to two and a half volutions (pi. 1, figs, 4, 7, 20) . The first volution is lenticular, but as the plane of coiling rotates the axis becomes elongate and an ellipsoidal to fusiform shape is developed (pi. 1, figs. [13] [14] [15] . After three to four volutions the shells develop a flared flange at a sharp angle to the coil. The flange continues to grow for about 15 chambers and forms the greatest dimen-
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sions on the specimens (pi. 1, figs. 1-5, 13, 15). The largest dimension on the coiled part of the shell is abo^it half a millimeter along the axis. The largest flarelflange length measured was less than 1.2 mm. The proloculus is spherical in most specimens. Fifty proloculi were measured, and of these nine were between 30 and 35 microns in diameter, 35 were between 36 and 45 microns, and six were between 46 and 56 microns. The spirotheca is thin, consisting of a tectum and clear diaphanotheca. The thickness of the spirotheca varies but measures about 13 microns through the outer parts of the shell. The thickness does not change significantly across the center of the shell 'but does thin at the poles. The septa are inward extensions of the spirotheca and consist of the tectum and a thinned diaphanotheca. T.^e septa are plane near the top of each chamber, but are fluted near the base of the chambers and toward the inner surface of the flared part of the Shell. No cuniculi were recognized, 'but the intensity of the fluting in some parts of the specimens suggests cuniculi might have developed near the base of the flare in some specimens (pi. 1, figs. 12, 18). A tunnel bordered by chomata is present in the fusiform part of the shell (pi. 1, figs. 6, 8, 9,13,15) and seems to continue along the flare (pi. 1, figs. 4, 5, 21). The chomata are principally deposits on the lower edges of the septa in the tunnel area, but they are connected as true chomata in parts of the shell (pi. 1, figs. 6, 19). The deposits, possibly as pseudochomata, can be seen on the flared part in some of the specimens (pi. 1, figs. 4, 21) . No axial filling is present.
Comparisons and remarks. G odonofusietta laxa dees not closely resemble any species described previously, but it does show similarities to the type species, O. pamdoxica Dunbar and Skinner, 1937 . A study of their type material, description, and illustrations shows that although their specimens are larger, the coiled part of the shell goes through the same stages in approximately the same ways. The flare on the type material is small^r and shorter than on C. laxa. but the specimens illustrated by Skinner and Wilde (1954, pi. 45, figs. 5-7) show a well-developed flare. The proloculus of C. paradoxica is consistently larger than is common for that of C. laxa. The described and illustrated specimens of C. p<U'adoxica, have a range of prolocular diameter frcm 50 to over 60 microns, but so few specimens are represented that one cannot tell what the actual range for the type species might be. As noted above, the maximum prolocular diameter recorded for C. laxa does reach 50 microns, but only three of the 50 specimens measured attained that size. Dunbar and Skinner (1937) did not find chomata in the type species. It is not clear whether the specimens illustrated by Skinner and Wilde (1954) show chomata; there is obvious secondary thickening of the septa in the vicinity of the tunnel, but these deposits may be pseudochomata. The septal fluting shown in the type species appears to be more regular, higher, and more intense especially in the inner volutions than that of G. laxa. In every way, G. laxa seems to be more primitive than G. paradoxica.
Distribution-. This species was found in only one sample (f23788) in the lower part of the Amb Formation associated with Monodiexodina kattaensis (Schwager) .
Specimens studied. Forty thin, sections were prepared from this sample, including several hundred random sections of Gadonofusietta. The prolocular diameters of 50 specimens were recorded, and other measurements were made on 20 specimens.
Designation, of types. The specimen illustrated on plate 1 in figures 12a and 12b is designated the holotype. All other figured specimens are paratypes. All types are deposited in the U.S. National Museum (USNM). The assigned USNM numbers are given in the plate explanation.
Subfamily SCHWAGERINENTAE Dunbar & Henbest, 1930 Genus Monodiexodina Sosnina, 1956 Monodiexodina kattaensis (Schwager) Plates Diagnosis. A small to medium-sized species, 10-12 and rarely 20 mm long, of five to seven volutions with an eighth volution developed rarely. The specimens are usually elongate and tend to be subcylindrical, and the ends of the shell are bluntly rounded. The early stages tend to be slightly inflated in the center and a little more pointed at the poles. Coiling is relatively even and tight throughout. The septa are tightly fluted forming cuniculi in the lower part, of the chamber and are nearly straight in the upper part of the chamber. Axial filling is variable, being slight to heavy, but chomata are not developed. A single, relatively wide tunnel is developed. The wall is thin and composed of a tectum and keriotheca. Phrenotheca are developed irregularly in some specimens.
Description. The spiral form developed by most specimens is normal-negative to negative. The mean growth curves of 17 individual samples are shown in figure 4 ; it can be seen that the expansion rate for the radius decreases in the outer volutions. That this relation is also shown by the pattern for increase in volution height can be seen in figure 54 . Corversely, the lengths of the specimens increase gradual^ in the inner volutions and then more rapidly in the outer volutions. Figure 5B shows rate of increase in length with increasing radius based on data for the combined samples. The small specimens, then, tend to have a smaller form (length to width) ratio than the large specimens. As the specimens grow larger they become more elongate and large specimens have a form ratio greater than four ( fig. 5G) . The longest specimen measured is slightly broken at one end, but has 20 mm preserved and may have been as much as 22 mm long originally.
The proloculus in the megalospheric forms varies in diameter from about 100 microns to nearly 900 microns. Microspheric juvenaria are rare and are not represented by adults of large size but were found in normal-sized specimens (pi. 4, figs. 13, 35). Most of the samples have medium to small proloculi with most of the specimens in the range of 125 to 400 microns in diameter ( fig. 6 ). The prolocular diameters in any one sample tend to cluster in a fairly compact group which suggests that each sample represents only the variation within one generation.
The wall thickens rapidly through the early parts of the test, but the rate of thickening slows down as the test grows large, and some thinning occurs in the outer volutions of some specimens ( fig. 5Z> ). Frmi the maximum and minimum values, it can be seen that a fair amount of variability was recorded. Some of this variability may be related to measurement errcr rather than to actual variability, as the wall thickness is affected by some solution in the equatorial area and also by thickening next to the septa. The recorded thicknesses are all equatorial. The wall tends to maintain its thick- ness on the flanks out to a point where the wall starts to curve in to form the poles. In the polar area the confusion between outer wall and septal wall makes thickness measurements meaningless. The wall is composed of a tectum and fine to moderately coarse keriotheca. There is no apparent correlation between the coarseness of the keriotheca and other attributes. Many of the walls have straight and closely spaced alveoli (pi. 6, fig. 5 ). Others have more irregularly spaced alveoli, often with short bifurcations near the tectum (pi. 6, fig. 2 ). Phrenotheca are developed irregularly in some specimens (pi. 6, figs. 3, 4, 6). Figure 5E shows the increase in number of septa with increasing diameter. The septa are not regularly spaced, and the arching of the chamber roof between septa exaggerates the spacing differences on some specimens. The septa are rather thick and often appear as bulbous masses iri the tunnel area (pi. 6, fig. 1 ). They are nearly plane in the upper part of each chamber but are intensely fluted in the lower part; low cuniculi develop in most specimens (pi. 7, figs. 1-6). There is considerable variation in the height to which fluting takes place within the chambers. Fluting extends to the top of the chamber in the poles of most specimens. In some specimens the higher fluting extends in toward the equatorial area. No systematic relationship seems to exist between the nature of fluting and other attributes of the test. Large septal pores are common in the polar area and in the outermost volutions (pi. 6, fig. 3 ).
The tunnel is well defined on most specimens and wanders only slightly in the meridional area. The height tends to be half to a little more than half the height of the volution. The width is rather variable. Figure  5F shows that the tunnel angle decreases in the midvolutions and then increases to nearly 60° in the larger specimens. An interesting feature of the tunnel area is the amount of resorption. Ordinarily, only the septa are resorbed to form the tunnel. Many specimens in these samples show resorption of the floor of the tunnel as well as of the septa. Plate 5, figures 1-5 are enlarged views of the resorption in equatorial and axial sections. As shown, the resorption occasionally removes most of the wall underlying the tunnel, and locally all of the wall is removed.
Axial filling is present in most specimens but is one of the most variable features of the species. Some specimens have massive deposits distributed along the entire axial zone; others have almost no axial filling, and others have deposits that 'are restricted to certain volutions (pi. 4). The distribution of axial filling is irregular within samples as well as between samples.
Comparisons and renwr'k.s. The range of variability in the described specimens is sufficient to include all tl s°-forms described by Schwager (1887) and by Dunbar (1933) from the "Lower Productus Limestone" of Wept Pakistan in this species. No group that would have ary significance stratigraphically or geographically could be separated from the rest of the specimens, and I doubt that any biologic differences exist within this group; the only differences appear to be those which exi^t between different generations of the same species.
This species bears some resemblance to that describe! as Schivagerina linearis by Dunbar and Skinner (19f7, p. 637), but the wall of K. Unearis tends to be thicker at equivalent diameters; 8. linearis is longer at equivalent diameters; and the septal fluting on 8. lineans tends to extend higher on the septa and to be less intense along the base of the septa.
Monodiexodina ~bispatula Williams (1963, p. 33) shows considerable similarity to this species, but the wall of 31. bispatula is consistently thinner at equivalent diameters. Schwagerhia steimnanni of Dunbar and Newell (1946, p. 460 ) is also similar but has a consistently thinner wall. Thompson (1949, p. 189) redescribed Parafmulitia. wanneri (Schubert) from Timor and distinguished it from M. kattaemis. He stated that M. kaffaemis lias more volutions at maturity, a thinner spirotheca (wall), and a smaller shell for corresponding volutions. P. wcumieri. is also more elongate and has form ratios of six to seven in the outer volution. Pamfusidina shiptoni Dunbar (1940, p. 1) resembles M. kattaensis in many ways but tends to have a thinner wall in the midvolutions and is more elongate throughout. The septal fluting illustrated for P. shiptoni is also more intense than that commonly found in M. kattaensis. Dunbar (1940) 
LOCALITIES
The general localities for the samples are shown in figure 1 , based on the maps presented by Grant (1968, figs. 1, 2) . More detailed locality information follows. The numbers used are U.S. Geological Survey Foramiiiifera catalog numbers that are used for the physical filing of the samples. The illustrated specimens are all separated and bear U.S. National Museum numbers that are given on the plate explanations. 
^KHIWW 20
CODONOFUSIELLA LAXA Douglass, n. sp. 16 17 MONODIEXODINA KATTAENSIS (Schwager) (Schwager) showing wall structures 9 10
MONODIEXODINA KATTAENSIS (Schwager) showing septal fluting and microspheric forms
